Aim: This study was carried out to evaluate the effect of various chelating solutions (EDTA-Apple Vinegar-Sodium Hypochlorite)on the radicular push-out bond strength of zinc oxide nanosealer and AH Plus resin based rootcanal sealer. Materials and Methods: 180 extracted single-rooted human teeth with complete roots, fully formed apices were used in this study,on completion of instrumentation, the specimens will be randomly divided into three groups (n=60) according to chelating solution applied: Group ( I ) 1.5 mL of 17% EDTA (pH = 7), Group ( II ) 2.5 mL of vinegar apple and Group ( III ) 2 mL of 5.25% sodium hypochlorite (NaOCl). These groups are subdivided into two subgroups (n=30) each according to root canal sealer used: Subgroup A: AH Plus and Subgroup B: Zinc oxide nanosealer. Then the specimens in the subgroups will be further randomly divided into two groups (n=15) according to storage time: Subgroup 1:one week storage time and Subgroup 2: one month storage time The root canals were prepared using ProTaper rotary instruments up to master apical rotary size F3 (#30), in conjunction with 2 mL of Normal saline solution (Sodium Chloride 0.9%) irrigation between each file and the chelating solution was applied for 1 minute then final rinse with distilled water. The sealers were loaded and introduced to the canal using K file size40.Testing push-out bond strength was done for all samples using the Intrson universal testing machine. Results: It was found that the highest push-out bond strength mean value recorded for (EDTA+ AH Plus) (1 week) group (IA1) (3.424 MPa) followed by (Apple Vinegar+ AH Plus) (1 week) group (IIA1) (1.263 MPa) while the lowest mean value recorded for (NaOCl+ZnO nanosealer) (1 month) group (IIIb2) (0.575 MPa). The difference between different groups was statistically significant as revealed with one way ANOVA test (p<0.05). Tukey's post-hoc test showed non-significant (p>0.05) differences between {(Apple Vinegar+AH Plus) and (NaOCl +AH Plus) (1 week)}, {( EDTA+ AH Plus), (Apple Vinegar+ AH Plus) and Codex : 43/1810 azhardentj@azhar.edu.eg http://adjg.journals.ekb.eg
INTRODUCTION
The action of endodontic instruments associated with the irrigant solution during the biomechanical preparation stage favors cleaning and disinfection of root canal systems, eliminating aggressive and irritant agents such as microorganisms and pulp tissue residues. However, the instrument in contact with the root canal walls causes formation of the smear layer. (1, 2) Whenever dentin is cut using hand or rotary instruments, the mineralized tissues are not shredded or cleaved but shattered to produce considerable quantities of debris. Much of this, made up of very small particles of mineralized collagen matrix, is spread over the surface to form what is called the smear layer. Identification of the smear layer was made possible using the electron microprobe with scanning electron microscope (SEM) attachment (3) . The smear layer was made of particles ranging in size from less than 0.5-15 μm. Scanning electron microscope studies of cavity preparations demonstrated a thin layer of grinding debris. It is estimated it to be 2-5 μm thick, extending a few micrometres into the dentinal tubules. (4) Sodium hypochlorite (NaOCl) is one of the most widely used endodontic irrigants for the chemomechanical preparation of root canals because of its excellent antimicrobial action and capacity of dissolving organic materials (5) , which increase directly with the increase of the concentration. (6) The use of ethylenediamine tetra-acetic acid (EDTA) is usually recommended to remove the smear layer. This substance is a weak acid with chelating action and concomitant protein denaturing, which promotes the increase in dental permeability facilitating the action of the intracanal medication (7) and the bond between dentin and endodontic cements. (8) More recently, the use of apple vinegar as an auxiliary solution in the chemomechanical preparation of root canals has also been investigated and deserves attention due to the promising results obtained when compared to traditional endodontic irrigants, such as NaOCl and EDTA (9) .As it has proven antimicrobial action, reduces dentinal microhardness (10) , in addition to removing the smear layer (11, 12) , It is a combination of acetic, citric, formic, lactic, succinic (succinate), and tartaric acids with small quantities of alcohol resulting from the fermentation process and it is responsible for reducing the surface tension of the solution. However, the highest acid concentrations of the vinegar are represented by the acetic (5%) and malic (0.35%) acids. (13) The main objective of every root canal filling is to achieve a high degree of tightness. The quality of the root canal filling directly depends on the shrinkage upon setting and the solubility of the material used, as these properties are decisive for the impermeability of the treated root canal. Epoxy resin sealers have been used because of their reduced solubility (14) , apical seal and micro-retention to root dentine. (15) With AH Plus, a new material was created which, is characterised by very low shrinkage or, in other words, by high dimensional stability. A further physical parameter which can also be decisive with regard to the tightness of the root canal filling is the particle size of the fillers used. Therefore, finely ground calcium tungstate with an average particle size of 8 mm (in relation to the mass) and finely ground zirconium oxide with an average particle size of 1.5 mm are used as fillers. The particle size of the filler has a decisive effect on the film thickness of the mixed material. AH Plus has a film Evaluation of the effect of endodontic chelating solutions on push out bond (367) thickness of 26 mm, which is clearly below the value of less than 50 mm required by the ISO standard for root canal sealing materials (ISO 6876). (16) Also recently, there is a new experimental endodontic sealer (nano-powder ZnO) This sealer is similar to various ZOE-based sealers, but with different sizes of nano-particles of zinc oxide.Zinc oxide is an environment-friendly material which has been used widely in medical applications such as cancer treatment and DNA detection. In addition, Zinc oxide has interesting antibacterial properties, so its powder can be used for dental applications as a sealer (17, 18, 19) .
This study, therefore, was to evaluate the effect of various chelating solutions (EDTA-Apple Vinegar-sodium hypochlorite) on the radicular push out bond strength of Zinc oxide nanosealer and AH plus resin based root canal sealer.
MATERIALS AND METHODS
The crowns of all teeth were removed using a water-cooled, slow-speed diamond precision saw (Isomet 4000 Linear Precision Saw), so as to adjust the length of the roots to a standardized length of 16 mm.
The root canals were prepared using ProTaper rotary instruments up to master apical rotary size F3 (#30), in conjunction with 2 mL of Normal saline solution (Sodium Chloride 0.9%) irrigation between each file and the chelating solution was applied for 1 minute then final rinse with distilled water.
The sealers were mixed as follow:
1-AHPlus (a paste-paste system) which is delivered in two tubes, the manufacturer instructions were followed to obtain a homogenous mix of the sealer.
2-ZOE Nanosealer (powder and liquid) the manufacturer instructions were followed to obtain a homogenous mix of the sealer
The sealers were loaded and introduced to the canal using K file size 40, the file was twirled counterclockwise, pumped up and down and wiped against the walls to apply the sealer all over canal wall.
Single cone obturation technique was used in this study (Protaper Gutta Percha point size F3.
On completion of instrumentation, the specimens was randomly divided into three groups (n=60 each) according to chelating solution applied:
Group (I) 1.5 mL of 17% EDTA (pH = 7) , Group (II) 2.5 mL of vinegar apple, Group (III) 2 mL of 5.25% sodium hypochlorite (NaOCl).
In each group, the specimens were further randomly divided into two subgroups (n=30) according to root canal sealer used: Each specimen was transversely sectioned perpendicular to the long axis of the root using a slow-speed diamond precision saw (Isomet 4000 Linear Precision Saw) to obtain a section 2 mm in thickness from the root thirds as measured using a digital calliper (Pachymeter, Electronic Digital Instruments, China).
Push-out bond strength test:
All specimens were exposed to the push-out test that was applied using The Instron universal testing machine.
Each section was coded and photographed from apical and coronal surfaces using a stereomicroscope (368) Mai Mohamed Salah El-Din, et al.
(SZ-PT; Olympus, Tokyo, Japan) at an original magnification of 65x. Calibration was performed by comparing an object of known length, a ruler in this study, using the ''Set Scale'' tool generated by the image analysis software (Image J; NIH, Bethesda, MD).The diameter of the filling was then measured and the radius was calculated.
Each root slice was mounted in custom made loading fixture [metallic block with circular cavity at the middle, this cavity for specimen housing having a central whole to facilitate displacement of extruded filling material], then subjected to compressive loading at a crosshead speed of 1 mm/min via a computer controlled materials testing machine (Model 3345; Instron Industrial Products, Norwood, MA, USA).
Load applied by a plunger of (0.8 mm diameter) corresponding to the radicular third (middle) to be tested. The plunger tip was sized and positioned to touch only the filling, without stressing the surrounding dentin, in apical coronal direction to push the filling toward the larger diameter, thus avoiding any limitation to the filling movement possibly owing to the canal taper. This way, it was guaranteed that the overlaying dentin was sufficiently supported during the loading process.The maximum failure load was recorded in Newton and converted into Mpa.
The bond strength was calculated from the recorded peak load divided by the computed surface area as calculated by the following formula. Failure was manifested by extrusion of filling piece from root canal and was confirmed by sudden drop along load-deflection curve recorded by Nexygen computer software.
RESULTS
Comparing all Ah-plus subgroups using ANOVA test revealed a significant difference (p<0.0001), where the greatest mean value was recorded in (EDTA+AH Plus) group at 1 week storage time group (Ia1) , while the lowest value was recorded at 1 month using (apple vinegar+AH Plus) group (IIa2). (Table 1) Comparing all ZnO subgroups using ANOVA test revealed a significant difference (p<0.0001), where the greatest mean value was recorded in (apple vinegar+ZnO nanosealer) group (IIb2) at 1 month storage time, while the lowest value was recorded at 1 week in (NAOCl+ZnO nanosealer) group (IIIb1). (Table 2) Using different agents, the greatest mean value was recorded in ( EDTA+AH Plus) (1 week) 
DISCCUSION
Complete obturation of the root canal system with an impervious, biocompatible and dimensionally stable filling material is essential for successful root canal treatment. (20) Many root canal sealers have been developed to fill residual gaps between the individual gutta-percha points and between the gutta-percha and the canal wall.
At present, sealers based on epoxy resins afford very good physical properties and ensure adequate biological performance. Excellent apical sealing has been found with epoxy resin-based sealers. (21, 22) Previous studies showed that the epoxy resinbased root canal sealer AH plus is cytocompatible (23) , biocompatible and has good tissue tolerance (24) , long-term dimensional stability (25) and good sealing ability. (26, 27) Nano-technology and nano-materials have become an extremely active field of research in the last decade because of their potential application in different areas like medicine, information technologies, energy storage etc., nano-technologies have been used in the production of a wide range of dental materials in nano-dimensions by re-location and re-arrangement of atoms to prepare materials with better properties. Presence of very small particles leads to superior properties of the material. These unique properties, which are the subject of quantum mechanics, have attracted a great deal of interest (28) . So in this study we use ZOE nanosealer which is similar to various ZOE-based sealers, but with different sizes of nano-particles of zinc oxide.
However, the adhesion of a root canal sealer may be influenced by many factors, amongst them the presence of smear layer which is a negative factor in root canal sealing, because it forms an interface between the sealing material and the root canal walls, thus reducing adhesion. (29) Different chemical solutions have been recommended for use with instrumentation of root canals to remove debris, smear layer and disinfect the root canal. So chelating agents have been recommended as adjuvant in root canal treatment as they are able to remove the inorganic component of smear layer .the most common chelating solutions are based on ethylenediamine tetra acetic acid (EDTA), which is used alternatingly with NaOCl solution to remove the smear layer. Also Apple Vinegar associates a good capacity to remove smear layer from the dentinal tubule entrances.
The effect of EDTA on the dentinal tissue structure and the smear layer removal capacity after 1 and 10 min of application was verified (30) .The chelating agent satisfactorily removed the smear layer in 1 min, but it caused excessive erosion of peri-and intertubular dentin when applied for 10 min .So in this study the chelating solution was applied for 1 minute then final rinse with distilled water.
The adhesion property has been studied on the basis of the expirmental model proposed and improved by using the universal testing machine to standardize the test, making it reproducible and more reliable (31) The push-out test is based on the shear stress at the interface between dentin and cement which is comparable with stresses under clinical conditions. (32) The finding of the conducted study revealed a significant difference whereas the highest mean value in all AH Plus subgroups was found in EDTA group at 1 week storage time, while the lowest value was recorded at 1 month using apple vinegar, these results corroborated other studied (7, 8, 16) as the use of 17% EDTA as a final rinse could better facilitate exposure of the collagen network and render the dentin substrate more conducive to bonding of AH Plus sealer, which can adhere to the organic phase of radicular dentin (33) . While others found that there is no statistical difference between 17% EDTA solution and apple vinegar solution on smear layer removal by using SEM evaluation (34) .
Comparing all ZnO subgroups revealed a significant difference, where the greatest mean value was recorded in apple vinegar group at 1 month storage time, while the lowest value was recorded at 1 week using NAOCl . And the effectiveness of smear layer removal by apple vinegar is in agreement with some Evaluation of the effect of endodontic chelating solutions on push out bond (371) studies who was concluded that the apple vinegar associated or not with EDTA was more effective in removing smear layer from the root canals than NaOCl associated with EDTA. (35) Also Since malic acid is present in the composition of apple vinegar, the results of the present study are consistent with other studies, who investigated the smear layer removal capacity of malic acid and found significantly better results than EDTA associated with 5.25% NaOCl. (36, 37) Also the lowest mean value of NaOCl is because of despite its excellent antimicrobial potential and ability to dissolve organic tissues; it is only ineffective in removing the smear layer (38) .
At both one week and one month storage time, a greater mean value was recorded in the AH-plus group using the different agents. This is probably because AH Plus had greater adhesion to root dentin than nano ZOE. This is likely due to the fact that, AH Plus (epoxy resin based sealer )has better penetration into the microirregularities because of it's creep capacity, long setting time and high flow rate which increases the mechanical interlocking between sealer and root dentin. This fact allied to the cohesion among sealer molecules, increases the resistance to removal and /or displacement from dentin which can be translated as greater adhesion (39) .
CONCLUSION
Within limits of the current study, we can conclude the following:
1-The epoxy resin-based (AH Plus) sealer when used with EDTA chelating agent had the highest push-out bond strength to intraradicular dentin compared to other chelating solutions (Apple vinegar and NaOCl).
2-The nano ZOE sealer when used with apple vinegar chelating agent had the highest push-out bond strength to intraradicular dentin compared to other chelating solutions ( EDTA and NaOCl).
3-All AH Plus sealer subgroups had higher pushout bond strength to intraradicular dentin compared to all nano ZOE sealer subgroups.
